Background: Stroke is the fourth leading killer in the US, the first in Brazil and a leading cause of adult long-term disability in both countries. In spite of widespread recommendation, clinical practice guidelines have had limited effect on changing physician behavior. Recognizing that both knowledge and acceptance of guidelines do not necessarily imply guideline adherence, the American Heart Association/American Stroke Association (AHA/ASA) developed a national stroke quality improvement program, the 'Get With The Guidelines (GWTG) stroke'. Even though GWTG has produced remarkable results in the US, other countries have not adopted the program. Methods: We compared the stroke treatment quality indicators from a private Brazilian tertiary hospital to those published by the GWTG stroke program. Seven predefined performance measures selected by the GWTG stroke program as targets for stroke quality improvement were evaluated: (1) tissue plasminogen activator use in patients who arrived ! 2 h from symptom onset; (2) antithrombotic medication use within 48 h of admission; (3) deep vein thrombosis prophylaxis within 48 h of admission for nonambulatory patients; (4) discharge use of antithrombotics; (5) discharge use of anticoagulation for atrial fibrillation; (6) dosing of LDL and treatment for LDL 1 100 mg/dl in patients meeting the National Cholesterol Education Program Adult Treatment Panel (NCEP) III guidelines, and (7) counseling for smoking cessation. Results: A total of 343 consecutive patients with acute ischemic stroke (70.8%) or transient isch- . Antithrombotic medication within 48 h was used in 98.5% of the eligible patients and deep vein thrombosis prophylaxis in 100%. A total of 123 patients arrived within 2 h from symptoms onset, 23 were eligible for intravenous thrombolysis and 16 were treated (69.5%). All eligible patients were discharged using antithrombotic medication, and 86.9% of the eligible patients who had atrial fibrillation received anticoagulation. Only 56.1% of the eligible patients were treated according to the NCEP III guidelines. Counseling for smoking cessation was done in 63.6% of the eligible patients. Conclusions: Our study is the first in Brazil and the second outside the US to analyze compliance with the GWTG recommendations. Close attention to a better implementation of these measures may produce an improvement in such results similar to what happened after the full implementation of the program in the US. Whether or not a US disease-based registry such as GWTG can be adopted with success beyond the US is still a matter of debate.
Introduction
Stroke is the fourth leading killer in the US, the first in Brazil and a leading cause of adult long-term disability in both countries [1] [2] [3] . In spite of widespread recommendation, clinical practice guidelines have had limited effect on changing physician behavior [4, 5] . Recognizing that both knowledge and acceptance of guidelines do not necessarily implicate in guideline adherence, the American Heart Association/American Stroke Association (AHA/ASA) developed a national stroke quality improvement program, the 'Get With The Guidelines (GWTG) stroke' [6, 7] . The program was aimed to address the adherence gap by focusing on the redesign of hospital systems of care [7] . A significant improvement in 11 of 13 quality improvement measures in stroke treatment was found after 1 year in hospitals using the GWTG stroke program [8] . It has also led to major and sustained changes in the care of stroke hospitalized patients after a 5-year comparison in a sample of 790 US hospitals [7] .
Even though GWTG has produced remarkable results in the US, other countries have not adopted the program. Indeed, the creation of related programs in Brazil and other countries could help to decrease the differences in the quality of stroke treatment delivery among health services both within and among countries. A study carried out in Taiwan is the only report outside the US comparing results from its own stroke registry database with the GWTG data. The report revealed an unsatisfying level of adherence to the proposed GWTG quality measures [9] .
We compared the stroke treatment quality indicators from a Joint Commission certified Primary Stroke Center (PSC) in a private Brazilian tertiary hospital to those published by the national GWTG stroke program. Our objective was to gauge the hospital performance and, by consequence, to obtain what would likely be one of the best scenarios in Brazil regarding stroke treatment practices, since the mainstay of a PSC is quality of care and a high level of accomplishment in stroke achievement measures [10, 11] . This study sought to reveal room for improvement in our hospital current practices, forming the basis for future implementation of a national-based educational program such as the GWTG.
Patients and Methods
We evaluated a database of consecutive patients admitted with ischemic stroke or transient ischemic attack (TIA) from August 2008 to December 2010 to the Hospital Israelita Albert Einstein, a private tertiary hospital certified by the Joint Commission International as a PSC, with 542 beds at the time of this study, located in São Paulo, Brazil. This database is an ongoing, prospective, institutional initiative created as part of a quality assurance/quality improvement program for stroke treatment. Data collected included demographics, presence of stroke risk factors, National Institutes of Health Stroke Scale (NIHSS) score at admission, in-hospital treatment, modified Rankin scale (mRs) score at discharge, neuroimaging characteristics, and thrombolysis status using a standardized, structured questionnaire. Risk factors were considered if noted on the patient's chart or if medications for known risk factors were used before hospital admission or at discharge [12] . As part of our hospital stroke program, all patients admitted with a diagnosis of ischemic stroke or TIA were identified and followed daily by a case manager nurse.
A research coordinator and a case manager nurse prospectively evaluated medical records from consecutive patients diagnosed with acute ischemic stroke or TIA. TIA was defined as a transient episode of neurological dysfunction caused by focal brain, spinal cord, or retinal ischemia, without acute infarction, with symptoms usually lasting less than 24 h [13] . Seven predefined performance measures selected by the GWTG stroke program as targets for stroke quality improvement were evaluated: (1) tissue plasminogen activator (rt-PA) use in patients who arrived ! 2 h from symptom onset; (2) antithrombotic medication use within 48 h of admission; (3) deep vein thrombosis (DVT) prophylaxis within 48 h of admission for nonambulatory patients; (4) discharge use of antithrombotics; (5) discharge use of anticoagulation for atrial fibrillation (AFib); (6) dosing of LDL and treatment for LDL 1 100 mg/dl in patients meeting National Cholesterol Education Program Adult Treatment Panel (NCEP) III guidelines, and (7) counseling for smoking cessation ( table 1 ) . Eligible patients were those without any medical contraindications documented as reasons for nontreatment for each of the applicable measures. Discharge and subacute measures excluded patients who died. The acute rt-PA measures excluded patients with missing time of arrival or treatment times [7, 8] . A composite measure of performance was computed by summing the numerators for each measure across the patients evaluated to create a composite numerator (all the care that was given), summing the denominators for each measure to form a composite denominator (all the care that should have been given), and reporting the ratio (the percentage of all the needed care that was given). The percentage of adherence to these measures was also obtained for each individual patient through an adherence/eligibility index calculated by the ratio between eligible measures and compliance to them in a single patient. The hospital's Institutional Review Board approved this study.
Statistical Analysis
Data are reported as mean and standard deviation or median and interquartile range when appropriate. Categorical data were reported as absolute and relative frequency of occurrence. Appropriateness of nonparametric testing was tested after checking normality diagnostics (Kolmogorov-Smirnov tests, Q-Q plots, histograms). Associations between dichotomous patient characteristics and continuous variables were made using the Mann-Whitney U test. Categorical variables were compared with the 2 test or Fisher's exact test. Multiple logistic regression was used to investigate the influence of epidemiologic and clinical data upon the adherence/eligibility index dichotomized in 85% of adherence (the GWTG program recognizes hospitals with awards if they follow treatment guidelines in certain key measures in at least 85% of the patients during the measurement period) [14] . All variables that showed an association in the univariate analysis with a p value ^ 0.1 were included in the multivariate analysis. The limits of statistical significance were set to 5%, and all tests were made using the statistics software MINITAB v16.1.
Results
A total of 343 consecutive patients with acute ischemic stroke (70.8%) or TIA (29.2%) were evaluated from August 2008 to December 2010. The mean age was 71.1 8 14.42 years; patients were predominantly white (84.4%) and males (58.7%). The frequencies of stroke risk factors are shown in table 2 . Acute ischemic stroke with symptoms onset within 12 h prior to hospital admission accounted for 74.7% of the stroke admissions. The median NIHSS at admission was 3 [8] . The majority of the patients (79.9%) were followed by a neurologist during their in-hospital treatment.
Stroke Achievement Measures
A total of 123 patients arrived within 2 h from symptoms onset, 23 were eligible for intravenous thrombolysis, and 16 were treated (69.5%). Antithrombotic medication within 48 h was used in 98.2% of the eligible patients, and DVT prophylaxis in 100%. All eligible patients were discharged using antithrombotic medication and 86.7% of the eligible patients who had AFib received anticoagulation. Lipid levels were tested in only 35.6% of the patients, and LDL levels 6 100 mg/dl were found in 19.5% of the patients. Only 56.1% of eligible patients were treated according to the NCEP guidelines. Counseling for smoking cessation was done in 66.6% of the eligible patients ( table 3 ) . Patients with concomitant hypertension or diabetes and those presenting with an ischemic stroke instead of a TIA were more frequently investigated and treated for dyslipidemia when appropriate ( table 4 ). Patients followed by a neurologist during hospital admission were more frequently anticoagulated for AFib than those followed by non-neurologists (80.7 vs. 54.5%, p = 0.03) ( table 5 ).
The composite measure score was 84.7%. Hypertension (p = 0.04), dyslipidemia (p ! 0.01), and a lower mRs at discharge (p ! 0.01) were found to be associated with an adherence/ eligibility index of 85% or higher in the univariate analyses. After multivariate adjustment, only dyslipidemia [OR 3.52 (2.05-6.05)] and a lower mRs [OR 0.84 (0.74-0.96] at discharge remained in the model as predictors of higher adherence/eligibility index ( fig. 1 ).
Discussion
We described the stroke treatment quality indicators from a Brazilian tertiary care private hospital and compared them to those obtained by the GWTG stroke program in the US. Overall, we found adherence rates similar to the GWTG stroke program for i.v.-rt-PA use, early use of antithrombotics, DVT prophylaxis and prescription of antithrombotics at discharge. Our adherence rates to smoking cessation counseling, anticoagulation at discharge for patients with AFib and lipid lowering treatment were lower than those reported by the GWTG stroke program. Interestingly, in the GWTG cohort, compliance with these three measures also showed the lowest compliance in the baseline year and had major improvement after 5 years [7] .
In São Paulo, around 1 million people have potential access to Albert Einstein (a private hospital). In the Albert Einstein neighborhood, there are a total of 923 hospital beds that could potentially treat strokes. Therefore, nearby hospitals may be admitting fewer early arriving patients due to preferential emergency medical services triage or insurance coverage, explaining the high frequency of early arrivals observed in our series. Our stroke team consists of board-certified neurologists trained in acute stroke care in house 24 h per day, 7 days a week. The hospital has a written protocol available for acute stroke care, a dedicated interventional neuroradiologist team available around the clock, advanced neuroimaging capability, including computerized tomography (CT), CT angiography, CT perfusion, with the R isk factors were considered if noted on the patient's chart or if medications for known risk factors were used before hospital admission or at discharge. CT scanner located at the emergency department, and acute magnetic resonance imaging (MRI), and a critical care unit with eight beds dedicated to neurologic and neurosurgical patients. All neurologists are certified to perform the NIHSS and undergo periodic training program and protocol review. Our program is the only Latin American stroke service certified as a PSC by the Joint Commission International. Therefore, it is expected that the findings from our study likely reflect best performance in acute stroke treatment, and national performance data would likely be less compliant.
In the acute phase, all patients were followed by the stroke team. However, after the acute phase, our patients were admitted to a physician of their choice, who was frequently not part of the stroke team. This might in part explain why our performance measures were better in the acute phase (thrombolysis rate, use of antiplatelets in the first 48 h) than at discharge (use of lipid lowering agents, smoking cessation counseling, and anticoagulation for AFib). The open versus closed model has been discussed extensively in the intensive care unit (ICU) literature, with findings suggesting improved outcomes in terms of mortality and morbidity when ICUs adopt a closed management model [15, 16] . In a closed ICU system, intensivists are the admitting physicians and deliver around-the-clock coverage through suitably trained physician staff [17] . This model seems to be beneficial due to its ability to provide complete care by a critical care-trained physician who is able to put all patient information into the context of their current critical illness. In the stroke literature, systematic reviews and randomized trials have shown that provision of care in a closed stroke unit can amplify the number of patients who survive, return home, and recover independence in daily activities [18] [19] [20] .
Quality improvement in stroke treatment has been the focus of the AHA/ASA attention for almost a decade now, when the GWTG stroke program was launched [5] . Since then, several studies reported optimistic data that revealed a remarkable improvement in stroke treatment in institutions under the influence of this program [7, 8] . For instance, i.v. rt-PA rates in eligible patients admitted in the first 2 h after stroke went from 42.1 to 72.8% after 5 years, and smoking cessation counseling was offered for 96.1% of patients after 5 years, in comparison to a modest rate of 65.2% in the first year [7] . If adherence to as many possible measures is analyzed through a composite score, our institution achieved 84.7% of compliance with all possible measures. This result is very close to the composite score of performed interventions divided by possible interventions that was reported by the GWTG program in its baseline year and higher than the composite score reported in Taiwan [7, 9] . The American program started with an average of 83.5% of adherence to all possible measures jumping to 93.9% after 5 years [7] .
In our series, the presence of certain risk factors in a patient, such as hypertension and dyslipidemia, might have triggered the clinician to be more attentive to the treatment measures, as they were correlated with better adherence/eligibility index values. Also lower mRs scores at discharge was an independent predictor of a higher adherence/eligibility index. There are two possible explanations for this finding: physicians might be more concerned with the treatment of patients with a more favorable functional outcome at discharge and therefore be more compliant with treatment measures, or adherence to simple measures might have had a favorable impact upon functional outcome.
We had worse lipid testing rates when compared to hospitals from the GWTG program in their baseline year of analysis. In GWTG hospitals, frequency of LDL measurement went from 54.3 to 81.9% after a 5-year period [21] . Our frequency stands lower than that observed initially in GWTG hospitals, with only 35.6% of our patients having LDL-cholesterol dosed. Some determinants for such low lipid testing rates in the US were found to be gender-related (lower in women) and risk factor-related (less tested in nonsmokers, those with AFib, those with a history of stroke or TIA, and those with TIA) [21] . In our series, patients with TIA were also less frequently tested and treated for dyslipidemia than patients with ischemic stroke. The other characteristics found to be related to adherence to the lipid lowering in the US (gender, smoking status, AFib, previous stroke or TIA) were not related to the adherence to the lipid lowering treatment quality indicator in our series.
The rate of anticoagulation for eligible patients with AFib in our series was lower than in GWTG hospitals but higher than that reported in other developing countries [7, 22] . Independent predictors for secondary stroke prevention with anticoagulation in patients with AFib in a large US series were younger age, male sex, independent activities of daily life function before the stroke, being discharged to home, being fully conscious on admission, and health care region [23] . In our series, there could be a physician-related factor to explain in part the lower than expected rates of anticoagulation for patients with AFib, as not all patients were treated by a neurologist after the acute phase (80.7% of the eligible patients followed by a neurologist were anticoagulated for AFib vs. 54.5% of the patients followed by other physicians, p = 0.03).
Our study has some limitations. We report data from a single center, with a relatively small sample size of predominantly white patients and no concurrent controls. Quality indicators from hospitals in Brazil other than our primary stroke center remain to be analyzed in order to assess the real influence of GWTG recommendations in a country highly influenced by the ASA practice guidelines.
Our study is the first in Brazil and the second outside the US to analyze compliance with the GWTG recommendations. Close attention to a better implementation of these measures may produce an improvement in such results similar to what happened after the full implementation of the program in the US. Whether or not a US disease-based registry such as GWTG can be adopted with success beyond the US is still a matter of debate. Cultural, political and even formulary or language differences may be barriers to the broader adoption and application of registries such as GWTG stroke around the world [24] . It could be challenging for countries with lower health care expenditures to follow all of the GWTG stroke recommendations, some of which can be costly to implement. Whether our results could be further improved by the implementation of a national stroke quality improvement program designed specifically for Brazil or Latin America remains to be evaluated.
